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Indian Standard
METHQDS OF SYNTHETIC TESTING OF HIGH VOLTAGE ALTERNATING CURRENT CIRCUIT-BREAK_ERS
1. Introduction During the past few decades experience has been gained with synthetic testing techniques and methods. It has been proven that synthetic testing is an economical and technically correct way to test high-voltage a.c. circuit-breakers according to the requirements of I EC Publication 56. This is why it was decided to include synthetic testing methods, after a thorough revision of the first edition of I EC Publication 427, as equivalent to the direct test methods.

2.

Scope

This standard applies to a.c. circuit-breakers within the scope of I EC Publication 56 (Clause 1). It provides the general rules for testing a.c. circuit-breakers, for making and breaking capacities over the range of test-duties described in Sub-clauses 6.102 to 6.111 of I EC Publication 56, by synthetic methods.
Note. - Circuits for the test duties described in Sub-clause 6. I I I have not yet been standardized. However, present methods are given in Appendix GG.

The methods and techniques described are those in general use. The purpose of this standard is to establish criteria for synthetic testing and for the proper evaluation of results. Such criteria will establish the validity of the test method without imposing restraints on innovation of test circuitry. 3.
Definitions

The definitions of I EC Publication 3.1 Direct test

56 and the following definitions apply:

A test in which the applied voltage, the current and the transient and power-frequency recovery voltages are all obtained from a circuit having a single-power source, which may be a power system or special alternators as used in short-circuit testing stations or a combination of b&h.

3.2

Synthetic test A test in which all of the current, or a major portion of it, is obtained from one source (current circui.t), and in which the applied voltage and/or the recovery voltages (transient and powerfrequency) are obtained wholly or in part from one or more separate sources (voltage circuits).

3.3

Test circuit-breaker The circuit-breaker under test (see Sub-clause 6.102.2 of I EC Publication 56).

3.4

Auxiliary circuit-breaker(s) The circuit-breaker(s) forming part of a synthetic test circuit used to put the test circuit-breaker into the required relation with various circuits.

1
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Is 13516 : 1993 IEC Pub 427 ( 1989 ) 3.5 Current circuit That part of the synthetic test circuit from which all or the major part of the power-frequency current is obtained. 3.6 Voltage circuit That part of the synthetic test circuit from which all or the major part of the test voltage is obtained. 3.7 Prospective current (of a circuit and with respect to a circuit-breaker) (IEV 441-17-01 modified)

The current that would flow in the circuit if each pole of the test and auxiliary circuit-breakers were replaced by a conductor of negligible impedance. 3.8 Actual current The current through the test circuit-breaker the test and auxiliary circuit-breakers). 3.9 Distortion current A calculated current equal to the difference between the prospective current. 3.10 Post-arc current The current which flows through the arc-gap of a circuit-breaker immediately after the current and arc-voltage have fallen to zero and the transient recovery voltage has begun to rise. current and the actual (prospective current modified by the arc-voltage of

3.11

Current-injection-method A synthetic test method in Which the voltage circuit is applied to the test circuit-breaker power-frequency current-zero. before

3.12

Injected current The current supplied by the voltage circuit of a current injection circuit when it is connected to the circuit-breaker under test.

3.13

Voltage-injection method A synthetic test method in, which the voltage circuit is applied to the test circuit-breaker power-frequency current-zero. after

3.14

Reference system conditions The conditions of an electrical system having the parameters from which the rated and test values of I EC Publication 56 are derived. SECTION ONE - SYNTHETIC TESTING TECHNIQUES AND METHODS

4. 4.1

Short-circuit breaking tests Basic principles and general requirements for synthetic breaking test methods Any particular synthetic method chosen for testing shall adequately stress the test circuit-breaker. Generally, the adequacy is established when the test method meets the requirements set forth in the following sub-clauses.

( IEC page 11)
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Basic intqvals A circuit-breaker has two basic positions: closed and open. In the closed position a circuitbreaker conducts full current with negligible voltage drop across its contacts. In the open position it conducts negligible current but with full voltage across the contacts. This defines the two main stresses, the current stress and the voltage stress, which are separated in time. If closer attention is paid to the voltage and current stresses during the interrupting (Figure l), three main intervals can be recognized: High-current interval process

The high-current interval is the time from contact separation to the start of the significant change in arc-voltage. The high-current interval precedes the interaction and high-voltage intervals. - `Interaction interval The interaction interval is the time from the start of the significant change in arc-voltage prior to current-zero to the time when the current including the post-arc current, if any, ceases to flow through the test circuit-breaker. (See also Appendix BB2). High-voltage interval The high-voltage interval is the time from the moment when the current including the post-arc current, if any, ceases to flow through the test circuit-breaker to the end of the test. 4.1.1 High-current interval During this interval the test circuit-breaker shall be stressed by the test circuit in such a way that the starting conditions for th$ interactidn interval, within tolerances to be specified, are the same as under reference system conditions. In synthetic test circuits the ratio of the power-frequency voltage of the current circuit to the arc-voltage is low in comparison with tests at reference system conditions due to: the voltage of the current circuit being a fraction of the system voltage; the fact that the arc-voltages of the test circuit-breaker added. and of the auxiliary circuit-breaker are

As a result the duration of the current loop and the peak value of the current will be reduced. This distortion of the current is outlined in Appendix AA. Considerations with respect to the arc-energy released in the test circuit-breaker lead to a maximum permissible influence in terms of tolerances on two characteristic values of the shape of the current, i.e. current-peak value and current-loop duration (see Appendix AA). The tolerance on the amplitude and the power frequency of the prospective breaking current, as given in Sub-clauses 6.103.2 and 6.104.3 of I EC Publication 56, shall not be exceeded by the actual current through the test circuit-breaker. Therefore the following conditions shall be met: the actual current amplitude during the last loop in the test circuit-breaker shall comply with the requirements for the prospective current stated in Sub-clause 6.104.3 of I EC Publication 56. The amplitude of the final loop of the actual test current in a single phase circuit shall be not less than 90% of the value specified; the duration of the final loop of the actual power-frequency test current shall be not less than 90% of the loop duration given by the rated frequency after taking into account, where this is appropriate, the effect of the specified d.c. component; when performing synthetic tests on circuit-breakers possessing arc-voltage characteristics which would significantly modify the current ih service, the influence of the arc-voltage on the current

3
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amplitude above.

and loop duration

may be allowed for when considering

the tolerances

given

The detailed procedure for estimating these corrections with examples for establishing the tolerances is given in Appendix AA. To keep within the tolerances for the test current, it is acceptable to increase the current by increasing the voltage or reducing the reactance of the current circuit, or to apply a current with an increased d.c. component or a reduced power frequency. For this purpose the specified tolerances for d.c. component and power frequency may be exceeded subject to the consent of the manufacturer. 41.2

Interaction interval
During the interaction interval, the short-circuit current stress changes into high-voltage stress and the circuit-breaker performance can significantly influence the cutient and voltages in the circuit. As the current decreases to zero, the arc voltage may rise to charge parallel capacitance and distort current passing through the arc. After the current-zero the post-arc conductivity may result in additional damping of the transient recovery voltage and thus influence the voltage across the circuit-breaker and the energy supplied to the ionised contact gap. The interaction between the circuit and the circuit-breaker immediately before and after current-zero (i.e. during the interaction interval) is of extreme importance to the interrupting process. During the interaction interval the current and voltage wave forms shall be the same for a synthetic test as under reference system conditions (Sub-clause 3.14), taking into account the possible deviations of the current and voltage from the prospective values due to the interaction between the circuit-breaker and the circuit. The interaction interval presents the critical time for the thermal failure mode of the circuitbreaker. Therefore, it is of extreme importance that the shape and magnitude of the prospective transient recovery voltage (TRV) corresponds to that associated with the prospective current of the relevant test-duty. The above implies strict requirements for the test circuit. The requirements are given for the current injection method in Sub-clause 4.2.1 and for the voltage injection method in Sub-clause 4.2.2. hbfc. Depending on the test circuit used. the interaction between circuit and test circuit-breaker may be disturbed by the behaviour of the auxiliary circuit-breaker during the critical interval around current-zero. The arc-voltage of the auxiliary circuit-breaker should be less than or equal to the arc-voltage of the test circuitbreaker. If an auxiliary circuit-breaker with a higher arc-voltage is used, a higher power-frequency voltage of the current circuit may be necessary.

4.1.3

High-voltage interval
During the high-voltage interval the gap of the test circuit-breaker voltage. is stressed by the recovery

The prospective TRV shall comply with the requirements of Sub-clauses 4.102,4.105,4.106 and 6.104.5 of I EC Publication 56. Suitable methods for determining the prospective TRV in synthetic test circuits can be selected from Appendix GG of I EC Publication 56. The impedance of the voltage circuit shall be low enough to give clear evidence of breakdown, if any.
Notes 1. 2. If the test circuit-breaker Appendix FF). If the TRV is obtained discontinuity. is fitted with low ohmic parallel resistors, a special procedure may be necessary (see

from more than one source

the overall

wave shape should

not show any appreciable

(IEC page 15)
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In principle, the power-frequency recovery voltage for the basic short-circuit test-duties shall equate with the requirements of Sub-clause 6.104.7 of I EC Publication 56. In synthetic testing the recovery voltage is supplied from the voltage circuit, either directly or in series with the current circuit. This gives a d.c. voltage, or a combined a.c. and d.c:voltage, or an a.c. voltage, which in most cases decays due to the limited energy of the voltage source. It may thus not be possible to maintain the recovery voltage for at least 0,l s as specified in Sub-clause 6.104.7 of I EC Publication 56. Deviations from the specified recovery voltage are acceptable if the following conditions are met:
-

The instantaneous value of the recovery voltage during a period equal to 118 of a cycle of the rated frequency of the circuit-breaker shall be not less than the equivalent instantaneous value of the power-frequency recovery voltage specified in Sub-clause 6.104.7 of I EC Publication 56 which starts with a minimum peak value of 0,95 hV'z U/fi. h = first pole-to-clear factor (1,3 or 15). U = rated voltage of the circuit-breaker.

.

-

Whether an exponentially decaying d.c., an a.c. or a combined a.c. and d.c. recovery voltage is used, its instantaneous value (for d.c.) or its peak value (or a.c. or combined a.c. and d.c) should in principle be kept as close as possible to fi U/fi and in any case must not fall below 0,5 fi U/fi in less than 0,l s (see Figure 2). If an exponentially inappropriate stress voltage in reference account Sub-clause decaying d.c. or a combined a.c. and d.c. recovery voltage imposes an on the circuit-breaker compared to that due to the specified a.c. recovery system conditions, then a more appropriate circuit may be used taking into 6.104.7 of I EC Publication 56 and also the limits stated above.

-

4.2 4.2.1

Synthetic test circuits and related specific requirements for breaking tests Current injection methods These methods can be described in terms of general principles as follows (see Appendix BB): the current from the voltage source is superimposed prior to the interaction interval; an auxiliary circuit-breaker tion interval. on the current in the test circuit-breaker

interrupts the current from the current circuit prior to the interac-

During the interaction interval the test circuit-breaker is exposed to the voltage of the voltage circuit having an impedance which is representative of the reference system conditions. This explains the validity of current injection methods. Several current injection methods are known but only the conditions for parallel current injection are given below since this method is used by the majority of the test laboratories. The following conditions shall be met: a) TR V wave-shaping circuit 1) The shape and magnitude of the prospective TRV shall comply with the specified values. 2) Ideally the equivalent surge impedance 2, (see Figure 3) shall be equal to (duldt)l(di/dt) during the interaction interval. duldt is the rate of rise of the specified transient recovery voltage and dildt is the rate of decrease of the specified short-circuit current. 3) The combination of the stray and lumped capacitance C&, in parallel with 2, gives rise to the delay time td = Z, C,,. b) Inductance of the voltage circuit The value of the inductance of the voltage circuit shall be between 1,O and 1,5 times the inductance derived from the equivalent power-frequency voltage divided by the prospective current.

5
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c) Frequency of the injected current and the injection timing The frequency of the injected current shall preferably be of the order.of 500 Hz with a lower limit of 250 Hz and an upper limit of 1 000 Hz. The initiation of the injected current shall be adjusted such that the time, during which the test circuit-breaker is fed only by the injected current, is not more than a quarter of the period of thp injected currenf frequency with a maximum of 500 us. In order to prevent undue inlluence on the wave shape of the power-frequency limit of the frequency of the injected current is 250 Hz. current, the lower

The maximum frequency of the injected current is determined by the interval of significant change of arc-voltage, which interval shall be smaller than the time for which the arc is fed only by the injected current. To achieve this, the period of the injected frequency should be at least four times the interval of significant change of arc-voltage (see Appendix BB). .l;~[cl. - Attention should be paid to the possible overstressing of the circuit-breaker ifthe time that the test circuit-breaker is
fed by the injected current only is less than 200 ps.

d) Waveshape of the injected current The prospective rate of decrease (dildt) of the injected current shall correspond prospective power-frequency current. to that of the

The injected current shall be practically free of superimposed oscillations for a time not less than 100 us before current-zero. 4.2.2 Voltage injection method Several voltage injection methods are known but only series voltage injection is described here in general terms as follows (see also Appendix CC): - The voltage from the voltage circuit is applied to the test circuit-breaker after the interaction interval. - An auxiliary circuit-breaker with a parallel capacitor is used to apply the recovery voltage to the test circuit-breaker. - During the high-current and interaction intervals the test circuit-breaker is exposed to the current circuit only. If the voltage injection method is to be used to check the thermal behaviour of the circuit-breaker, i.e. to test under terminal fault conditions with initial transient recovery voltage (ITRV) stress or under short-line-fault conditions, it is necessary to demonstrate the validity ofthe test circuit for the interaction interval. This is subject to agreement between manufacturer, testing station and user. When used for tests relating to the dielectric behaviour conditions shall be met:
-

of the circuit-breaker,

the following

the auxiliary circuit-breaker should have an arc-voltage less than or equal to that of the test circuit-breaker. This condition is met if the extinction peaks of both circuit-breakers are approximately the same (see note in Sub-clause 4.1.2); the impedance of the voltage circuit shall be low enough to provide for reignitions or restrikes if they occur.

-

Therefore, the capacitance across the auxiliary circuit-breaker shall be at least 10 nF. Care should be taken to avoid undue distortion of the current before power-frequency current-zero;
-

no pause shall be introduced by the combining of the current circuit and the voltage circuit.

Note. - For short-line fault tests, in addition to the voltage injection circuit supplying the source side TRV, a current injection circuit which is connected to the line-side terminal of the test circuit-breaker cart be used to supply the line-side transient voltage.

(IEC page 19)
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4.2.3

Duplicate circuit method (transformer or Skeats circuit) -This method can be described in terms of general principles as follows (see also Appeg_ dix DD): - the current and voltage are supplied from the same source; - the a.c. recovery voltage is supplied from a step-up transformer the primary of which is co+ netted to the cfirrent circuit; - the recovery voltage is applied to the test circuit-breaker through an impedance (normally a resistance). The auxiliary circuit-breaker interrupts the current prior to the test circuit-breaker by a short time interval (usually about 10 us). During this short interval the value of dildt of the current in the test circuit-breaker is decreased. The test circuit is therefore not valid for tests where attention is paid to the thermal failure mode ,Jf the test circuit-breaker. The test circuit is suitable for testing the dielectric behaviour of a circuit-breaker. The test circuit can be used for making tests. The test circuit can easily be adapted to supply full voltage stresses in two (or more) operations e.g. at both closing and opening in a CO operation, at both openings in an O-t-CO operation or even at consecutive current-zeros in an opening operation. See Appendix DD.

42.4

Other synthetic test methods Other methods may prove correct and,advahtageous for testing of circuit-breakers with specific characteristics or for testing of a circuit-breaker for specific performance. Even though these methods are not covered by this standard, they can be used subject to understanding of their application and agreement between the manufacturer and the user. Synthetic methods for three-phase short-circuit are known. However, in some cases there are no values for the last phases'to clear in three-phase experience. In order to reflect the present position described in the following appendices: breaking tests and load-current switching tests requirements in IEC Publication 56 (e.g. TRV circuits). In other cases there still is a lack cf and to have these methods available, they are

Appendix FF - Special procedures for testing circuit-breakers ors; Appendix HH - Synthetic methods for three-phase testing.

having `paralle! breaking resist-

5. 5.1

Short-circuit making tests Basic principles and general requirements for synthetic making test methods During a closing operation onto a short-circuit, the circuit-breaker contact gap is subjected to the applied voltage corresponding to the r.m.s. value of the rated voltage divided by fi which causes its breakdown. After this moment, the circuit-breaker is subjected to the making current which is expressed by its maximum amplitude i in Figure 4 (see Sub-clause 4.103 of I EC Publication 56). In a synthetic test circuit the applied voltage is supplied by a separate voltage source and the short-circuit current is supplied by a reduced voltage current circuit. This latter is connected to the circuit-breaker immediately after breakdown of the contact gap by means of a fast making device, e.g. a triggered spark gap.

7
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Any particular synthetic method chosen for testing shall adequately stress the test circuit-breakei. Generally the adequacy is established when the test method meets the requirements set forth in the following sub-clauses. Basic intervals Prior to making, a circuit-break& withstands the rated phase-to-earth voltage applied across its terminals: during making, it carries the rated short-circuit current. If closer attention is paid to the voltage and current stresses during the making test-Figure 4-three main intervals can be recognised :
-

High-voltage

interval

The high-voltage interval is the time from the commencement of the test, with the circuitbreaker in the open position. to-the moment of breakdown across the contact gap. Pre-arcing interval The pre-arcing interval is the time, during the closing stroke.of the circuit-breaker, moment of breakdown across the contact gap to the touching of the contacts. Latching interval The latching interval is the time, during the closing stroke of the circuit-breaker, from the touching of the contacts to the moment when the contacts reach the fully closed (latched) position. from the

5.1.1

High-voltage interval During this interval the circuit-breaker shall be stressed by the test circuit in such a way that the starting conditions for the pre-arcing interval, within the tolerances to be specified, are the same as under reference system conditions. Therefore the following conditions shall be met:
-

The applied voltage shall comply with the requirement Publication 56.

set forth in Sub-clause 6.104.1 of IEC

-

The phase relationship between the applied voltage and the short-circuit current shall correspond to the rated power factor of the test circuit within the tolerances given in Sub-clause 6l103.1 of I EC Publication 56.

However, when performing synthetic tests on circuit-breakers having a high closing speed and consequently a short pre-arcing time a reduced applied voltage can be used provided that the maximum pre-arcing time determined in accordance with Sub-clause 5.3 does not exceed I/o s (3.2 ms for 50 Hz and 2.7 ms for 60 Hz) as shown in Figure 5.

5.1.2

Pre-arcilzg interval During pre-arcing the circuit-breaker is subjected to electrodynamic forces due to the current and to deteriorating effects due to arc-energy. In general the current is composed of three components :
-

the initial transient making current, ITMC, the d.c. and a.c. components of the short-circuit current.

-

Two typical cases may occur depending on the moment of closing and on the circuit-breaker design :
-

Breakdown occurs near the crest of the applied voltage; an almost symmetrical established. Pre-arc energy and ITMC are relatively high.

current is

(IX

page 23)
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Breakdown occurs near zero of the applied voltage; an asymmetrical current is established. Pre-arc energy and ITMC are negligible with the exception of the case of non-simultaneous closing in a multi-unit pole.

Nutc - The ITMC is not defined in Sub-clause 4.103 of I EC Publication 56; a value sufficient to maintain pre-arcing is adequate.

51.3

Latching interval and fully closed position During these intervals the circuit-breaker has to close in presence of the electrodynamic forces due to the current and contact friction forces. Therefore during these intervals the making current shall comply with Sub-clause 4.103 of I EC Publication 56.

5.2 5.2.1

Synthetic test circuit and related specijic requirements for making tests Test circuit The test circuit is made up with two sources namely the current and the voltage circuit as shown in Figure 6. - The voltage circuit, which mainly consists of a low power transformer, supplies:
l l

the applied voltage during the high-voltage interval; the ITMC during the pre-arcing interval, by the discharge of the ITMC-circuit.

-

The current circuit supplies the making current during the pre-arcing, and latching intervals.

5.2.2

Specific requirements During a synthetic making test the phase relationship between the applied test voltage and the short-circuit current depends on the following parameters: - phase displacement between the current source voltage U, and the voltage source voltage uz; delay time of making gap; minimum sparkover voltage of making gap. current shall be

The phase displacement between `the applied voltage and the short-circuit 90 & *27 electrical degrees.

The injected current supplied by the voltage circuit ensures pre-arcir.$ before the closing of the fast make gap. Therefore the time constant of ITMC-circuit shall be longer than the make yap delay time.
NOW.- The voltage source u2 may be an ax. or a d.c. source.

5.3

Evaluation of the maximum pre-arcing time To determine whether a reduced applied voltage can be used for the making test, the maximum pre-arcing time of the circuit-breaker has to be established. (See Sub-clause 5.1.1). This maximum pre-arcing time shall be determined by preliminary direct tests carried out at full voltage and at the maximum short-circuit current available. To ensure this, pre-arcing should commence at the peak ofthe voltage wave. The current should ensure decisive breakdown during the pre-strike. During rated operating sequences making operations are preceded by breaking operations, e.g. 0-t-CO-t'-CO or CO-t"--CO.

IS 13516 : 1993 IEC Pub 427 ( 1989)

Therefore the following tests shall be carried out: 0-t-CO-t'-CO
t t t' ,,

with: not intended for rapid auto.-reclosing intended for rapid auto-reclosing

= 3 min for circuit-breakers
= 0,3 s for circuit-breakers = 3 min.

or CO-f-CO
t =

with:

15s.

SECTION TWO - SPECIFIC REQUIREMENTS FOR SYNTHETIC TESTS FOR MAKING AND BREAKING PERFORMANCE RELATED TO THE REQUIREMENTS OF SUB-CLAUSES 6.102 TO 6.111 INCLUSIVE OF I EC PUBLICATION 56 Sub-clauses 6.102 to 6.111 inclusive of I EC Publication 56 are also applicable for synthetic testing. However, in some cases special techniques are necessary. These cases are mentioned in the sub-clauses of this section. The numbering of the sub-clauses corresponds to that of I EC Publication 56. 6.102.1.3

Multi-part testing
fitted with low-ohmic parallel resistors

For synthetic methods for the testing of circuit-breakers see Appendix FF.

6.102.2 Arrangement of circuit-breakerfor tests
For synthetic methods for three-phase circuits see Appendix HH.

6.102.9

Circuit-breakers with short arcing times

In order to be able to perform synthetic tests on the same basis as direct tests, normally it will be necessary to apply special reignition methods to prolong the arcing of the test circuit-breaker through the necessary number of zeros of the power-frequency current. It may be necessary to make some tests in order to obtain the actual range of arcing times of the test circuit-breaker. See Appendix JJ for reignition methods to prolong arcing.
NOW.- Although this sub-clause refers to circuit-breakers with short arcing times, in principle the same arc-prolon&tion methods can be used for circuit-breakers with longer arcing times.

6.106 Basic short-circuit test-duties
The operating sequences for test-duties Nos. 1, 2, 3 and 5 together with the various methods of carrying out test-duty No. 4 are shown in Table I.

Symbols:

CS = Making operation with specified parameters in a synthetic circuit.
0s = Breaking operation with specified parameters in a synthetic circuit. CD = Making operation with reduced applied voltage of the curent source only and the specified making current. Or, = Breaking operation with reduced transient and power-frequency recovery voltages of the current source only and with the specified breaking current.

( IEC page 27)
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Notes I. - Due to the characteristics of synthetic testing it may be difftcult to comply with the specified time intervals of the rated operating sequence. See Sub-clause 6.1051 of I EC Publication 56. 2. - In order to comply with all test requirements it may be necessary to make more operations than provided for in the rated operating sequence. In such cases the circuit-breaker may be reconditioned after the number of operations provided for in the rated operating sequence.

6.106.1 6.106.2 6.106.3

Test-duties Nos. 1, 2 and 3 For test-duties Nos. 1,.2, and 3, #only breaking tests are specified.

6.106.4

Test-duty No. 4

Procedures are known to carry out the rated operating sequence synthetically with the specified parameters (see Table I). If, due to limitations of the testing station, it is not possible to apply these procedures, following methods are available: Method 1 The first breaking operation before the time interval t = 0,3 s or f = 15 s may be carried out as an OD-operation. The purpose of the additional single breaking test 0, is: to comply with the requirement to have two or three breaking operations at specified values, to provide the necessary information for the relevant requirements for the setting of the control of the tripping impulse during the subsequent operating sequence. The conditions of this two-part test are: the breaking operation Ob shall be performed under the same arcing time conditions as if direct tests were performed at specified values. Normally, reignition methods (see Appendix JJ) are necessary to achieve this; the control of the tripping impulse for the breaking operations of the operating sequence shall be in accordance with the requirements of Sub-clause 6.102.9 (B)l) of I EC Publication 56; the setting of the control of the tripping impulse for the single breaking operation 0s shall be such, that the arcing time is the same as for the OD operation. It may be necessary to make more than one test to realise this. the

-

Methods 2a and 26 The making and breaking tests may be made separately as test-duties Nos. 4a and 4b according to Sub-clauses 6.106.4.1 and 6.106.4.2 of I EC Publication 56. If it is impossible to carry out method 2a for circuit-breakers with time intervals t = 0,3 s or r = 15 s, method 2b can be applied with the first breaking operation OD and arcing time conditions as specified for method 1. Closing operations at values of applied voltage lower than those given in Sub-clause 6.104.1 of I EC Publication 56 are only allowed if the requirements of Sub-clause 5.1 .`l are fulfilled. Methods 3a and 3b If it is not possible to carry out methods 2a or 26 with making operations at the specified applied voltage, it is under certain conditions permissible (see Sub-clause 5.1.1) to use method 3a. If it is impossible to carry out method 3a for circuit-breakers with time intervals t = 0,3 s or t" = 15 s, method 3b can be used with the first breaking operation OD and arcing time conditions as specified for method 1.

11
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-Test-dutyNo. 5

On circuit-breakers having short arcing times three breaking operations shall be made irrespective of the rated operating sequence.
NOW.- In order to ensure that the test circuit-breaker is correctly stressed and to establish the minimum arcing time, an extra test may be made. For this test the setting of the control of the tripping impulse has to be as prescribed for the first valid operation, i.e. in or even before the minor loop. The injection of the TRV has to be applied after the minor loop. In this test the test circuit-breaker should reignite. It is important to establish that this reignition has taken place between the arcing contacts only. This demonstrates the voltage withstand co-ordination at dielectric reignitions.

During tests with asymmetrical current both dildt and the TRV are modified due to the d.c. component. In synthetic tests these modifications have to be pre-arranged by: al Control of the d.c. component of the current by selection of the point on the wave at which the

The d.c. component may be controlled short-circuit is initiated bj Reduction of di/dt at current-zero

The reduction of dildt may for current injection methods be obtained by reducing the charging voltage of the voltage circuit. The formula to be applied for the determination &A= of the reduced charging voltage is:

P u~~\/1-p=+.----2xf.r [

1

+ for major loop - for minor loop

where :
uHA r/,S = =

reduced charging voltage at asymmetrical test charging voltage for equivalent symmetrical test the per unit value of the d.c. componenf at current zero

P

=

r

= time constant according to I EC Publication 56 (45 ms).

p can be calculated from the asymmetry at contact separation pcs: p = pcs . e where: I, = arcing time

+-

c) Correction of TRV I) Simplified method For TRV's with time tz not exceeding 500 us, a simplified method can be used. This method is based upon the supposition that the correction of TRV (ul, t,, u,, tz) is proportional to the correction for dildt. This means that the correction of TRV is automatically ing to b). covered by the reduced di/,dt accord-

2) For TRV's with time fz exceeding 500 ps other corrections and/or circuit modifications to be used. The required prospective TRV values are given in Table II.

have

NOW.- Tables III, IV and V give information with respect to TRV values for a first-pole-to-&% factor of 1.5 and/or a time constant of I20 ms. These values are not I EC Publication 56 ratings. TRV values, for time constants other than those given in the tables may be obtained with sufficient accuracy by linear inter and extrapolation,

( IEC page 3 1)
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d) Correction of recovery voltage
When a test is made for clearance at the end of a major loop the d.c. form of the reduced recovery voltage will adequately cover the first quarter loop of the recovery voltage (of an equivalent direct test). For clearance at the end of a minor loop of current the d.c. form of ihe reduced recovery voltage will not cover reference system conditions since in the system the power-frequency recovery voltage continues to rise after the onset of the TRV. Sul$ect to agreement between testing station, manufacturer and user it may be considered that taken together with the symmetrical test-duties the evidence is sufficient to prove the performance of the circuit-breaker. An asymmetrical test with clearance after a minor loop with reduced dildt and the resulting reduced TRV is assumed to be less severe than an equivalent symmetrical test. However, if it is required to prove fully this test condition, there are three possibilities: 1) the test is performed with asymmetrical current conditions with the voltage source charged as for the symmetridal test. It must be recognised that this represents a considerable increase in severity above that of an equivalent direct test since both di/dt and the TRV are higher;
2) the test is performed asunder

inverse proportion 3) the test is performed 6.109

1) except that the inductance of the injection circuit is increased in to dildt. In this case, the di/dt value is correct but the TRV higher; with an a.c. recovery voltage.

Short-line fault tests
For short-line fault synthetic testing the parameters of the short-line circuit shall be those given in IEC Publication 56 and the line circuit shall be in the current carrying circuit during the whole interaction interval. With current injec,tion circuits the short-line circuit may be connected in series with the voltage circuit, its inductance becoming part of Lh e.g. as shown in Figure BBl. The presence of the short-line fault circuit in the voltage circuit may cause oscillations to be superimposed on the injected current wave. These oscillations should be damped out (to satisfy the requirements of Sub-clause 4.2. Id), so as not to affect the current during the interval of significant change of arc-voltage or at least 100 ps before current-zero. A resistance m&y be connected in series with the TRV shaping circuit. In most cases this resistance, selected to control the initial rate of rise of recovery voltage, is sufficient to supply the neqssary damping.
Note. - If, for short line fault tests, the line is connected to the same side of the test circuit-breaker as the voltage circuit impedance, special attention should be given to voltage distribution and measurement of prospective T RV.

6.111

Synthetic methods for capacitive-current switching !3eeAppendix GG.

13
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TABLE

?

I

Synthetic test sequences for test-duties 1, 2, 3, 4 and 5
Rated operating sequence Test-duty No. Synthetic test 0 - t - co - t' - co t = 0,3 s or 3 min 1' = 3 min a) 0s - t - 0s - t' - 0s OS - t - 0s - t' - 0s

co - I - co
I=15s

0, - P - 0s OS OD - r - 0s

1, 2, 3

Breaking operations*

b) 0,

4

Complete rated operating sequence Method 1

0s - t - csos - t' - csos

c,os - r - &OS

OS OD t CSOS t' CS OS CSOD r

ws CSOS

0)

CS OS

-

t' t -

-

CS CDOS t' c,o,

CS c,o,

r -

r

CS C,OS

Method 2

b)

Cs OS
OD -

t' - Cs

1 c,

-

r -

cs

cDoS

t - c,,o, - t' - C&s

c,o,, - f, - C&s c&S - r - CD@
cDoS

Method 3

a)

0s - t - c&S - t' - c,,o,

b)
Breaking operations * **

0,

-

OS t - CD& - t' - C,,Os
OS OS OS

c,o,, - r - CD&

5

* For convenience in testing, it is permissible to introduce a closing operation before any opening operation in test-duties Nos. 1, 2, 3, and 5. ** For short arcing times only.

( IEC page 35)
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TABLE II

TR V after breaking asymmetrical current -

I

Frequency Voltage Time co-ordinate

(Hz: (kV1 245 1, 130 u, I? 390 UC 300 1, 159 u, t! 477 UC 362 t, 192 u, 4 576
UC

50 420 525
1,

60 765 245 300 362 420 525
f2 t, f? t,

I

765
f?

I,
223
u,

1,
279
4

t,
837
UC

t,
406
U!

t2
1218
UC

t,
130
4

t:
390
UC

t,
159
U,

t>
477
UC

t,
192
U,

t,
576
UC

t,
223
4

669
UC

669
UC -

279
u,

837
UC

406
u,

1218
UC

+ 0
5 10 15 20 25 30 35 40 45 50 55 60 6j .70 75 80 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 260 260 260 259 257 255 252 248 244 238 232 224 216 206 195 182 166 260 259 257 255 252 249 244 239 233 226 219 210 200 189 177 162 146

364 363 362 359 356 351 346 339 332 323 313 301 288 273 256 237 214 364 364 383 361 358 354 349 343 336 327 318 307 294 280 264 245 223 -

- 318 319 318 317 315 312 308 303 298 291 283 274 263 251 238 222 203 318 317 315 313 309 305 299 293 286 278 269 258 246 233 217 200 179 -

446 445 442 439 434 428 421 412 403 391 379 364 348 329 308 284 256 446 446 445 443 440 435 430 423 414 405 393 380 365 348 329 306 279 -

384 385 384 382 380 376 371 365 358 350 341 329 317 302 285 266 243 384 383 381 378 373 368 362 355 346 336 325 312 298 282 264 243 218 -

538 536 532 527 521 214 504 494 481 467 451 433 413 390 364 334 299 538 539 538 536 533 528 522 514 505 494 481 465 448 428 405 378 346 446 446 445 443 440 436 430 423 415 405 394 381 366 349 329 307 280 446 444 442 438 434 428 421 412 402 391 378 j64 347 328 307 283 255 624 621 616 610 602 593 581 568 553 536 517 496 471 444 413 378 337 624 626 626 624 621 616 609 601 591 578 564 547 527 504 478 448 412

557 557 556 553 549 543 536 527 517 504 490 474 455 433 408 380 346 557 556 553 549 543 536 527 517 505 191 175 157 137 114 387 357 322 780 775 768 758 747 734 718 701 681 658 633 604 572 537 497 451 399 780 783 785 784 782 777 770 761 ,750 736 719 699 676 649 618 581 537 812 811 808 804 79; 788 776 763 746 728 706 681 653 621 584 541 492 8.12 811 807 802 795 785 773 759 742 723 700 675 646 613 576 533 483 -

Voltage (kV) 137 124 109 091 070 046 019 988 954 916 875 829 778 721 658 587 506 137 146 153 157 158 156 150 142 130 114 094 070 041 007 966 917 858 260 260 260 258 257 254 251 247 242 236 230 222 213 203 192 179 163 260 259 258 256 253 250 245 240 235 228 221 212 203 192 179 165 149 364 363 361 358 354 349 343 336 327 318 308 296 282 267 249 229 206 364 364 364 362 360 356 352 346 340 332 323 313 301 287 271 252 231 318 319 318 316 314 311 307 302 296 289 280 271 260 248 234 218 198 318 318 316 313 310 306 301 295 288 280 271 261 249 236 221 204 184 446 444 441 436 431 424 417 407 397 385 371 356 339 320 298 273 244 446 447 446 445 443 439 434 428 420 411 401 388 374 358 339 317 291 384 384 383 381 378 374 369 363 356 347 337 326 313 298 280 261 237 384 383 381 379 375 370 364 357 349 339 328 316 302 286 268 248 224 538 535 530 525 517 509 498 487 473 458 441 422 401 377 350 319 284 538 540 540 539 537 533 528 521 513 502 490 476 160 141 118 393 362 446 445 444 442 438 434 428 420 412 401 390 376 361 344 324 300 273 446 445 443 440 435 430 423 415 406 395 382 368 352 334 313 289 261 624 620 614 606 597 586 574 560 543 525 505 482 456 428 395 359 317 624 627 628 628 626 622 617 610 601 590 576 561 542 521 496 467 432 557 557 355 551 547 540 533 523 512 499 484 467 448 426 400 371 337 557 556 554 550 545 539 531 521 509 496 481 463 444 421 395 366 332 780 773 764 753 740 724 707 688 666 641 614 584 550 512 471 423 369 780 785 789 790 789 786 781 774 764 752 737 720 698 673 644 609 567 812 810 806 801 793 783 770 756 738 719 696 670 641 608 570 526 476 812 812 809 805 798 790 779 766 750 732 71 6s8 658 626 590 548 499
I1137 I1121 I1102 1080 1 I1055 I1027

After major-loop: asymmetry at current zero

After minor loop: asymmetric at current zero

1

996 962' 925 883 838 788 733 673 607 532 447 1 137 1150 1160 1168 I 172 1174 1172 1168 1159 1147 1 131 1111 1085 1055 1017 972 917 L-

First pole to clear factor I,3 Time constant of d.c. decrement 45 ms

TABLE III

TR V after breaking asymmetrical current
Frequency U-W 50 60

Time

co-ordinate

4fter major-loop: asymmetry at current
If30

0 5 10 15 20 25 _ 30 35 40 45 50 55 60 65 70 75 80 0 5 10 I5 20 25 30 35 40 45 50 55 60 65 70 75 80

260 260 259 257 255 252 249 244 239 233

,226
218 209 199 187 173 157 260 260 259 257 254 251 248 243 238 232 224 216 207 197 185 171 155

364 363 360 357 352 347 341 334 325 316 305 292 279 263 245 225 202 364 365 364 363 361 358 354 348 342 335 326 316 304 290 275 257 235

318 318 317 315 312 308 304 298 292 285 276 266 255 242 228 211 191 318 318 317 315 312 308 304 298 292 284 276 266 254 242 227 210 191

446 444 440 436 430 423 415 406 395 383 369 353 336 316 294 269 240 446 447 447 446 444 440 436 430 422 414 403 391 377 361 347 321 295

384 384 382 380 376 372 366 359 352 343 332 320 307 291 273 253 229 384 384 382 380 377 372 367 360 353 344 333 322 308 293 275 255 232

598 535 530 524 516 508 497 485 472 457 439 420 399 374 347 316 280 538 540 541 540 538 534 529 522 514 504 492 478 462 443 421 396 365

446 445 443 440 436 431 424 416 407 396 384 370 354 336 316 292 261 446 445 444 441 438 433 426 419 410 400 388 374 359 341 321 298 271

624 620 614 606 597 586 573 559 542 524 504 481 455 426 394 357 315 624 627 628 628 626 623 618 611 602 591 578 562 544 522 497 468 434

557 554 554 550 544 537 529 519 507 493 478 460 440 417 391 361 327 557 557 555 552 548 542 534 525 515 502 487 471 452 430 405 376 342

780 773 764 753 740 725 708 689 667 642 615 585 552 514 473 425 371 780 785 788 789 789 786 780 773 763 751 736 718 697 671 642 607 565

812 809 805 798 790 779 766 750 732 712 688 662 631 597 559 514 463 812 812 811 807 802 794 784 771 756 739 718 695 668 637 601 560 511

1137 1122 1104 108-3 1060 1033 1003 970 934 893 849 801 747 688 622 549 466

260 260 259 257 255 252 248 243 238 232 225 217 208 197 I85 172 156 260 260 259 257 255 252 248 244 239 233 226 218 206 198 186 172 157

364 362 359 356 351 345 339 331 322 312 301 288 274 258 240 219 195 364 365 365 364 363 360 356 351 345 338 330 320 309 295 280 263 242

318 318 317 314 311 308 303 297 291 283 275 265 253 240 226 209 189 318 318 317 315 313 309 305 299 293 286 277 267 256 244 229 213 193

446 443 439 434 428 420 4b2 402 390 378 363 347 329 309 286 261 231 446 448 448 448 446 443 439 434 427 419 409 397 $84 368 350 329 304

384 383 382 379 375 371 365 358 350 341 330 318 304 288 271 250 226 384 384 383 381 378 373 368 362 354 346 335 324 311 296 278 258 235

.538 534 528 522 513 504 493 480 466 449 431 411 389 364 336 304 268 538 541 542 542 541 538 534 528 521 5II 500 487 472 454 432 407 378

446 445 443 439 435 429 423 415 405 394 382 367 351 333 312 288 260 446 446 444 442 439 434 428 421 412 402 391 377 362 345 325 302 275

624 619 612 603 593 581 567 551 534 515 493 469 442 413 379 342 299 824 628 630 631 630 628 624 618 610 600 588 573 556 536 512 484 450

'

557 556 553 548 543 535 527 516 504 490 474 456 436 412 386 356 321 557 557 556 554 549 544 537 528 518 505 491 475 456 435 410 381 348

780 772 761 748 734 717 698 677 654 628 599 568 533 494 450 402 346 780 787 792 794 795 794 790 784 776 765 752 736 716 692 664 631 590

812 809 804 796 787 775 761 745 727 705 681 654 623 588 549 504 452 812 813 812 809 804 797 788 776 762 745 725 703 676 646 611 570 523

Ii37 1119 1097 1073 1047 1017 983 947 907 864 816 764 708 645 576 500 413

1I37
1149 1158 1165 1168 1168 I166 1160 1150

I 137 1152 1185 I I74 1181 1185 1185 I183
1177 1167

4fter minor-loop: asymmetric at current !ero

1137
1120 1098 1072 1040 1001 955 899

1153
1134 I111 1983 1047 1004 951

Time

First pole to clear factor I,3 constant of d.c. decrement 120 ms

TABLE

V

TR V after breaking asymmetrical current
Freqwney Voltage (Hz 50 245 1, 1 SO u, t, 450 UC I, 184 u, %O t2 551
UC

60 420 525 I, 321
u.

(kV WI %

362 1, 222
4

165 tz 964
4

245 I, 150
U,

300 t2 450
4

362 t2 551 1, 222
U,

420 t2 665
UC

525 t: 772
1'C

765 1, 954
UC

`Time co-ordinate

1: 665
4

25>
u,

7;;
UC

1, 468
4

t1 1405
UC

I, 184
4

t, 257
U,

I, 321
"1

I, 458
U,

I: 140f
'4

- UC

0
5. 10 I5 `20 25 30 35 40 45 50 55 60 65 70 75 80 0 5 IO 15 20 25 30 35 40 45 50 55 60 65 70 75 80 300 300 299 297 294 291 287 281 275 268 260 251 241 229 215 199 181 300 300 298 297 294 290 286 281 175 268 259 150 MO 127 !14 198 179 `42b 418 415 411 406 399 392 383 313 362 349 334 318 300 279 255 228 420 121' 121 120 118 114 010 304 397 389 379 367 354 339 121 KIO 176 -

367 367 365 363 360 356 350 344 336 328 318 306 293 279 262 242 220 367 367 366 363 360 356 351 344 337 329 319 307 294 280' 263 244 221 -

5i4 51! 507 501 494 486 476 465 452 438 422 403 383 360 334 304 270 514 516 517 516 514 510 505 499 491 481 46'9 456 440 422 101 376 341 443 443 441 438 434 428 422 414 405 394 382 368 352 335 314 290 263 443 443 442 439 435. 430 424 417 408 398 386 372' 357 339 319 296 269 G

Voltage

(kV) 420 418 414 409 404 397 389 380 369 357 344 329 312 293 272 248 220 420 422 422 421 420 417 413 407 401 393 384 373 360 345 328 308 284 -

b21 616 610 603 594 583 570 556 540 521 501 478 453 424 392 356 314 621 624 625 625 623 619 614 607 598 587 574 559 540 519 494 465 431 514 513 511 507 503 496 489 479 469 456 442 426 407 386 362 335 303 514 514 513 510 505 500 49j 484 474 463 449 434 416 396 372 346 314 720 714 706 697 685 672 657 639 619 597 573 546 5.15 481 443 400 351 720 724 727 727 726 723 717 710 701 689 674 657 637 613 585 552 513 643 641 638 633 627 619 609 597 583 567 549 529 505 479 448 414 373 643 643 641 638 633 626 618 608 595 58i 565 545 524 499 470 437 398 900 891 879 865 849 830 809 786 759 730 697 661 621 577 528 472 408 900 907 912 915 915 913 908 901 891 878 862 842 819 791 758 719 672 937 934 928 920 909 896 881 862 841 817 789 758 723 683 638 587 527 937 938 937 933 927 918 907 893 876 857 833 807 776 741 700 653 598 1312 1292 1269 1242 1212 1179 1141 1101 1056 1007 953 894 830 759 681 593 494 1312 1328 1342 I352 I358 I362 1361 1357 1349 1336 1319 1297 1269 1235 1193 i142 I080 300 300 298 296 294 290 286 280 274 267 259 250 239 227 213 197 179 300 300 299 297 294 291 287 282 276 269 261 252 241 129 !I6 100 I82

367 367 365 363 359 355 349 343 335 326 316 304 291 276 259 240 217 367 367 366 364 361 357 352 346 339 330 321 309 297 282 266 246 224 -

514 511 506 499 492 482 472 460 446 431 414 395 374 350 324 293 259 514 517 518 518 516 514 509 504 496 487 477 464 449 431 411 387 359 443 442 440 437 433 427 420 412 403 392 380 365 349 331 311 287 259 443 443 442 440 436 431 426 418 410 400 388 375 360 343 323 300 273 -

621 615 608 600 589 578 564 549 531 512 491 467 440 411 378 340 297 621 625 627 628 627 624 620 614 606 597 584 570 553 533 509 481 447 514 513 510 507 501 495 487 477 466 453 439 422 403 382 358 330 298 514 514 513 511 507 501 495 487 477 465 452 437 420 400 377 350 320 -

- 720 713 704 693 680 / 665 / 648 , 630 , 608 585 559 531 499 464 424 380 329 720 726 729 731 731 729 726 720 712 701 t588 t572 tj53 t531 t504 ` 573 j35 -

643 641 637 632 625 616 606 594 579 563 544 523 500 473 442 407 366 -

- 900 889 875 859. 841 820 797 771 742 711 676 638 596 550 498 441 375 -

937 933 926 917 906 892 875 856 834 809 780 748 712 672 626 573 512 937 939 938 936 330 923 912 899 884 365 542 317 787 752 713 566 512 1312 1287 1260 i229 1195 1157 Ill5 1070 1021 967 909 846 777 702 619 528 424 1312 1333 1350 1365 I376 1383 1387 1387 I384 1375 I363 1345 1321 1291 1254 1208 1150

I

After major loop: asymmetry at current zero

f543 f543 f542 f539 f535 f529 f521 f511
599 5P5 569 1 551 529 505 1177 1144 1 106 -

`,900 ,909 ,316 ,321 ,323 ,923 ,921
916 908 i 397 I383 I365 I344 I318 787 750 705 , 4

After minor loop: asymmetric at current zero

First pole to clear factor: 1.5 Tinie constant of d.c. decrement 120 ms

IS 135i6 : 1993 IEC Pub 427 (1989)

I
r I I
Time scale extended

I I

L--_-_-J

J.
I
I

II

il
I
It II
I /27/89

I

I

12

=

Curt ol`signllicant

change In arc vollagc

FIG. 1. -

Interrupting

process; basic time intervals.

19

( IEC page 40 j ~

IS 13516 : 1993 IEC Pub 427 ( 1989 )

-

zh

=

=

129/89

uh

=
=

charging voltage of voltage Llrcult inductance of voltage circwl equivalent capacitance surge impedance for time delay of voltage circuit

Lh

zh

=

Cdh S,

= =

test cwcuit-breaker

FIG. 3.-

Equivalent surge impedance within the voltage circuit of current injection scheme.
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FIG. 4.-

Making process: basic time intervals.
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\

\-

Dielectric closing charactenstic

FIG. 5.-

Maximum allowable pre-arcing time for valid making test at reduced voltage.
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APPENDIX
CURRENT

AA

DISTORTION

AAl.

Current distortion

immediately

prior to current-zero

The interaction interval begins when the arc-voltage starts to change signiticant!y as the current approaches zero. The change of the arc-voltage during this time influences the shape and the rate-of-change of the current immediately before current-zero. This deviation from the prospective current curve is caused by the distortion current, which mainly flows in the low time constant impedance, taking into. account all parameters of the actual circuit. The particular way in which the current approaches zero is responsible for the conditions prevailing between the arcing-contacts of a circuit-breaker at current-zero particularly for the conditions which exist in the medium between the arcing-contacts. The major interaction between circuit and circuit-breaker is caused by the arc-voltage charging and discharging capacitances and influencing dildt just before zero. In a simplified circuit, as in Figure AAla representing a short-circuit in service or a direct test, the voltage u supplies an arc-current i with the appropriate arc-voltage u,. Parallel to the arc is a capacitor C. If it is assumed that the arc-voltage u, = 0, then a prospective short-circuit current ip (see Figure AAlb) will flow through the arc, the magnitude and wave shape of this current being determined by the inductance L, the voltage u, the frequency of this voltage and the moment of current initiation. If it is assumed that the supply voltage u = 0 and that an arc-voltage exists, then the arc-voltage will. produce a current flow. This current id (see Figure AA lc) is the distortion current, which will flow partly as id,_through the inductance L, and partly as idc through the capacitance C. For this condition, the following equations apply: d u, - L . __ (idL)= 0

dt

and

From these, the following equation for id can be obtained: 1 d

id=i&+idC=

- u,dt+C. L J'

-(u,) dt

If both of the voltages, u and u, are present (see Figure AA Id), then the resulting actual current is given by:

i = i, - id
Note. For actual cases digital calculations can be introduced. by computers may be more appropriate where various arc-voltage waave shapes
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*_
\

Current distortion during the high current interval During this interval, the arc-voltage generates a distortion current id, in the circuit. id is superimposed on the total current. By comparison with the prospective current, the resulting arc current exhibits distortion in four physical aspects: current amplitude, loop duration, arc-energy and di/dt. To evaluate the influence of the arc-voltage it is sufficient, in practice, to consider the current amplitude and the loop duration. As a first approximation, 1) a constant'arc-voltage two different arc-voltage characteristics u, = U, can be considered, namely:

2) a linearly rising arc-voltage U, = S. t Since the current through the capacitor C (see Figure AAla) will be small during this period of arcing, the simplified diagram of Figure AA2a is adequate. AA2.1 Distortion during one loop of arcing related to a symmetrical current

The following formulae are derived, where the resistance in Figure AA2a is neglected since the effect of this during the single loop is negligible. Some results are given in Figure AA3a and AA3b. Calculations are made based on the characteristics
i =
L.0.f

shown in Figure AA2b and AA2c.

IQ

Q

i

till -

= peak value of voltage of current circuit peak value of prospective current = peak value of actual current (reduced by arc-voltage) = ins,tant of peak value i
=

a) Ratio of current amplitudes for constant arc-voltage:
--sinwet,--~.wt, i,

i

G
2.l

-

for linearly rising arc-voltage: i - = sin 0
iQ

SO
. t, --t;

2l.l

b) Actual current loop duration T, (reduced by arc-voltage) for constant arc-voltage : sin w T, = 7 -

v,@

Tl

for linearly rising arc-voltage: sin o T, = 2l.l Tf

In Figure AA3a, and AA3b relative reduction of current amplitude Aili, and current loop duration At/T, are given as a function of ratio U,lti for constant arc-voltage and of ratio S. T,/2 a12for linearly rising arc-voltage respectively, where : Ai = iQ At = TQ i T,

(IEC page 49 )
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= prospective current loop duration T, = actual arcing time (T, = T, for one loop of arcing, see Figures AA2b and A42c).

rp

AA2.2

Distortion in general case' The distortion currents in the case of both symmetrical and asymmetrical currents including more than one loop of arcing are obtained by the following formulae which are applicable for the case of constant and linearly rising arc-voltages. These calculations are based on a circuit as in Figure AA2a where the L/R time constant of the supply impedance is introduced. The p.u. prospective current is given .by:
R

where :

t I, B

= time coordinate counting from the instant of current initiation = time interval between the beginning of the positive voltage loop and current initiation = arctan *R
For symmetrical current Q, = cot,

The per unit distortion currents are: idKp, =c id/$, = D-E for the first loop of arcing for the second loop of arcing

idlip = D - F + G for the third loop of arcing where : C, D, E, F and G are defined as follows: a) for constant arc-voltage:

D-

E-

-

M

*sq,

F-

-

M COS (p

e-L

R(l-I@
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where :

a.

h

M-

4 -=
ti

the ratio betymn the arc-voltage and the peak value of the power-frequency voltage
R

cos p

= \/R* + (cd)*
= instant of contact separation = instants at the end of each current

`c-3
I',, t-0

loop

b) for linearly rising arc-voltage:
A4
c3 -

msqr.

(t-tcJ-g

(1 -e

+-`t,3

)

[

1
+ (t', - t,J . (1 - e - f. ) I

'0

M
EI -

(t - t'o) WSQ,

i

(1 -e-

)

F-.

-

0

-

t',)

-

A_(1-e-L R(t;;-8)
R

+ (t',
M

- t&.(1

-e

- L

-&,a

)

I

ewL

L0
-!$r - Q ) L

G-

WSO

(t-r,)-

$1

-e-

-% - fJ f. ) +(f,-&J-(1

-e-

M=

S. T,

2rl

Relative reductions of current amplitudes and loop durations related to the last arcing loop for some typical cases are given in Figures AA3a to AA3d.
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For symmetrical current, values are given for constant arc-voltage as a function of ratio U,/zi in Figure AA3a and for linearly rising arc-voltage as a function of the ratio S. T,/2r? in Figure AA3b. For asymmetrical current the corresponding results are given in Figures AA3c and AA3d. For arcing times, three typical values, i.e. for one, two and two and half loops, are introduced. In the case of asymmetrical current contact parting positions have been selected starting about 1.5 cycles after current initiation. The modifying of arc-voltage is much dependent on not only arc-voltage but also arcing time and current asymmetry, therefore an exact evaluation for each case is necessary.
Nofe. In order to be able to compare the curves relevant to either type of arcing suitable values have been chosen for the arc-voltages: the value at the last current zero for linearly rising arc-voltage is twice the value U, for the constant arc-voltage.

AA3.

Examples of estimation of the parameters of the distorted*current In the following, some examples of application of the methods of evaluation of the distorted current shown in the preceding clauses AA1 and AA2 are given `for the single pole test of a 123 kV

circuit-breaker. For the synthetic test examples, equal arc-voltages and contact parting positions of both the test
and the auxiliary circuit-breaker AA3.1 are assumed.

Symmetrical current test Constant arc-voltage Direct test U= u, = 123kV 123 . 1,3

AA3.1.1

Rated voltage Single pole test voltage Mean value of constant arc-voltage (last loop)

= 92 kV

VT % = 1 kV
-=i

Therefore :
by calculation for one loop of arcing (see Sub-clause AA2.1):

v,
a

1

92. ~~

=

0,0077

and:

Ai -= - 1,2% 4 At = - 0,796 TiJ

Synthetic test Current circuit voltage Mean value of constant arc-voltage (test and auxiliary circuitbreaker, last loop)

v=

31 kV

V,, = 2. U, = 2 kV

therefore:

uas -= ii

2 31. j/T

= 0,046

from Figure AA3a for one loop of arcing

4 _=_7% "
lP

.
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At and : AA3.1.2 T!J = - 4,5%

Linearly rising arc-voltage Direct test

Single pole test voltage

U, = 92 kV as above s T, -=3kv 2 S T, -= 2 Ifi..
Ai

Linearly rising arc-voltage

3 92 ~`3

therefore :

= 0,023

from Figure AA3b for one loop of arcing

- * lP At TP

= - 1,7%

and :

-

= - 2,20/o

b'ynthetic test
Current circuit voltage Linearly rising arc-voltage (test and auxiliary circuit-breaker) CJ,= 31 kV as above S 7-a -=2.3kV=6kV 2 S T, -= 22i 6 31 $! = 0,137

therefore :

from Figure AA3b for one loop of arcing

Ai - L
5 At TP

= -10%
= - 11,2%

and :

In the first example, the tolerances on the amplitude and the duration of the power-frequency current loop, according to Sub-clause 4.1, should not be exceeded during the actual synthetic test. This depends,`however, on the decrement of the a.c. component of the current being negligible. In the second example, the current circuit voltage has to be increased or other described in Sub-clause 4.1 have to be taken because the tolerance on the loop duration Whilst tolerance on the current amplitude is apparently not exceeded, it might be practice where there is likely to be some decrement of the a.c. component of the current. AA3.2 measures as is exceeded. exceeded in prospective

Asymmetrical current test

If the arc-voltage is approximately constant or linearly rising, the curves in Figures AA3c and AA3d can be used. The method of evaluation is similar to the one outlined for the symmetrical case. For example in case of constant arc-voltage:

W page 57)
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Direct test
Single pole test voltage u, = 123 . 1,3 = 92 kV fi (as above)

Constant arc-voltage therefore :

u, =
-X

1 kV 1 = 0.0077

ua
il -1%

92 . \/z

for contact parting at around 1,5 cycle after current initiation and one loop of arcing and :

Ai -= ,. %
At 5

= - 0,6% (Figure AA3c)

Synthetic test
Current circuit voltage Constant arc-voltage (test and auxiliary circuit-breakers) U, = 14,2 kV U, = 2 kV

therefore :

-= 12 Ai -A IP At -= 5

v,

2 14,2 j/T = - 12,6% - 8,0% AA3c) (Figure 7 0.10

for the same situation as above: and:

The actual arc-voltage may not follow one of the simplified characteristics. In such a case the current reduction during the synthetic test can be measured from actual oscillograms or calculated. The actual current of the direct test which is required to establish the synthetic test driving voltage can only be calculated. For circuit-breakers having relatively low arc-voltage (e.g. U, = 2% U,), the modifying effect of the arc-voltage on the current in the system or in the direct circuit is negligible. Therefore the specified prospective current is assumed as reference current.
Note. If the opening of the auxiliary circuit-breaker is delayed in relation to the opening of the test circuit-breaker or if an auxiliary circuit-breaker with a tower arc-voltage is used, then its influence on the breaking current will be smaller than that of the test circuit-breaker.
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Voltage

t

u

I

Time

Time

Time

136/89

FIG. AAId.

-

Distortion

current.

13?/89

FIG. AA2a. -

Simplified circuit diagram.
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0 - 2 loops of arcing

FIG. AA3a. -

Reduction of amplitude and duration of final current loop of arcing.
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Reduction of amplitude and duration of final current loop of arcing.
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FIG. AA3c. -

Reduction of amplitude and duration of final current loop of arcing.
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Reduction of amplitude and duration of final current loop of arcing.
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APPENDIX
CUKRENT INJECTION

BR
METHODS

BB 1.

Current injection

in a synthetic test circuit using current injection, the superposition of the currents takes place shortly before the zero of the power-frequency short-circuit current. A current of smaller amplitude but higher frequency, derived from the voltage circuit, is superimposed either in the test circuitbreaker or in the auxiliary circuit-breaker. The instant of switching in this injected current is selected by means of a current-dependent control circuit. This instant should be such that the character of the resulting current wave in the test circuit-breaker corresponds to that of the specified breaking current prior to the current-zero during the interval of significant change of arc-voltage. In this way, the circuit-breaker under test is automatically connected into the voltage circuit after the interruption of the current in the auxiliary circuit-breaker, so there will be no delay between the current stress and the application of the voltage stress. BB. 1.1 Current injection circuit with the voltage circuit in parallel with the test circuit-breaker (parallel `circuit) Figure BBl shows the simplified circuit diagram of a current injection circuit with the voltage circuit connected in parallel with the test circuit-breaker. The voltage circuit is switched in shortly before the zero of the power-frequency short-circuit current, prior to the interaction interval. At this time the high-frequency oscillatory current ih is superimposed on the power-frequency short-circuit current i, with the same polarity, to give a resultant test current in the test circuit-breaker. After the auxiliary circuit-breaker interrupts the power-frequency short-circuit current i, the test circuit breaker is connected only to the voltage circuit and ih is the only remaining current. The voltage circuit also provides the recovery voltage across the test circuit-breaker after the current is interrupted. Figure BB2 shows an example of injection timing. The two points of inflection typically indicate the start of the current injection in the test circuit-breaker and the interruption of the powerfrequent? short-circuit current by the auxiliary circuit-breaker. The waveshape of the transient recovery voltage can be adjusted by varying Zh and Cd, (Figure BBl), to obtain compliance with the requirements of I EC Publication 56 (see Sub-clause 4.1.3). BB 1.2 Current injection circuit withthe voltagecircuit in parallel withthe auxiliary circuit-breaker(series circuit) Figure BB3 shows the simplified circuit diagra'm of a current injection circuit with the voltage circuit connected in parallel with the auxiliary circuit-breaker. After switching in the voltage circuit, shortly before the zero of the power frequency short-circuit current, the high-frequency oscillatory current ih is superimposed, with opposing polarity, on the power-frequency short-circuit current i, in the auxiliary circuit-breaker. After the resulting current in the auxiliary circuit-breaker has ceased to flow, the oscillatory current commutates into the test circuit-breaker and the current circuit. The test circuit-break& is now part of a circuit which comprises the series-connected current circuit and the voltage circuit. After the extinction ofthe resulting current in the test circuit-breaker, the transient recovery voltage is supplied both by the voltage circuit and the current circuit.
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Figure BB4 shows an example of injection timing. The single point of inflection corresponds to the interruljtion of current in' the auxiliary circuit-breaker. The waveshape of the recovery voltage can be adjusted by varying 2, and C& as well as Zi and C,, (Figure. BB3) to obtain .compliance w;ith the requirements of I EC Publication 56 (see Subclause 4.1.3). BB2. Determination of the interval of significant change of the arc-voltage To determine the interval of significant change of the arc-voltage which occurs immediately prior to current-zero, the following method may be applied dependent on individual arc-voltage characteristics. The arc-voltages of circuitlbreakers vary considerably in general shape. In many cases, the arcvoltage is not steady but fluctuates about a mean value. For the purpose of identi@ing a significant change, a mean value is obtained by drawing a smooth curve between the maximums and minimums (Figure BB5). The shape of mean arc-voltage characteristics may also vary widely. Most circuit-breakers show a nearly constant or steadily rising arc-voltage during the current loop, with an appreciable increase just prior to current-zero. In such cases, it is not difficult to determine from the oscillogram the instant at which a significant change begins. For this purpose, it is preferable to use an oscillograph giving a relatively large deflection for the arc-voltage and having a time scale which is fast enough to enable the interval of significant change of arc-voltage to be measured accurately. In some cases, it may be difficult to determine the interval of significant change of arc-voltage because: 1) the arc-voltage remains nearly constant or is steadily rising during the current loop almost to the instant of current-zero; 2) changes in the arc-voltage occur considerably before the current-zero. In these cases, an injection current frequency as low as possible shall be used, taking account also of the requirements in Sub-clause 4.2.1.
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Typical current injection circuit with voltage circuit in .parallel with the test circuitbreaker.
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Injection timing for current injection scheme with circuit BBI.
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Typical current injection circuit with voltage circuit in parallel with the auxiliary circuitbreaker.
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Figure BBSa

148/89

149189

Figure BBSb

i
4!

= =

current arc-voltage

P

=

lntcrval of slgntficant chmgl: ol'arc-voltage

FIG. BB5. -

Examples of the determination oscillograms.

of the interval of significant change of arc-voltage from the

(=CPw74)

44

-.
B

IS 13516 f 1993 IEC Pub 427 ( 1989 )

APPENDIX CC
VOLTAGE INJECTION METHODS

In `a synthetic test circuit using voltage injection, the current circuit provides the entire shortcircuit current for the test circuit-breaker and also, after current-zero, the first part of the transient recovery voltage. By suitable choices of its voltage and natural frequency, the correct values of the power factor, current and first part of the TRV can be obtained. About the time of the first peak of the transient recovery voltage of the current circuit, the voltage circuit is switched in by means of a voltage dependent control circuit in such a way that the specified transient recovery voltage is continued and so that there will be no delay between the current stress and the voltage stress. CC 1. Voltage injection circuit with the voltage circuit in parallel with the auxiliary circuit-breaker (series circuit) Figure CC1 shows the simplified circuit diagram of a voltage injection circuit with the voltage circuit connected in parallel with the auxiliary circuit-breaker. The current circuit supplies the entire short-circuit current stress. A capacitor of suitable value is connected in parallel with the auxiliary circuit-breaker. After the current-zero of the power-frequency short-circuit current, this capacitor transmits the entire transient recovery voltage of the current circuit to the test circuitbreaker, passing the necessary energy for the post-arc current. About the time of the first peak of this transient voltage, the voltage circuit will be switched in and from this moment onwards the transient recovery voltages of both circuits are added together to form the transient recovery voltage across the test circuit-breaker. Figure CC2 shows the current in the test circuit-breaker and the waveshape of the voltage across the auxiliary circuit-breaker and test circuit-breaker. The auxiliary circuit-breaker is stressed only by the voltage of the voltage circuit. Both components of the voltage across the test circuit-breaker are superimposed to produce the transient recovery voltage, the waveshape of which can be adjusted by varying C',,and C, in conjunction with additional components-not shown in Figure CC1 -to obtain compliance with the requirements of I EC Publication 56 (see Sub-clause 4.1.3).

CC2.

Voltage injection circuit with the voltage circuit in parallel with the test circuit-breaker This voltage injection circuit is similar to the one described above except that the voltage circuit is in parallel with the test circuit-breaker instead of the auxiliary circuit-breaker. It is not in common usage.

PC page V)

IS 13516 : 1993 IEC Pub 427 ( 1989)

AP

= voltage of current circuit = inductance

St
ch

= test clrcult-breaker
=

ofcurrentclrcult

capacllance of voltage &cult whvzh together wnh L, controls the major part of the TRV

S capacitance of current circuit which together with L, .controls the tint part of the TRV
Lh

=
=

inductance ot voltage circuit charging voltage of voltage &cult

= arc prolonging Clrcult

L'h

sa

-

auxiliary clrcult-breaker

FIG. Ccl.

-

Typical voltage injection circuit diagram with voltage circuit in parallel with the auxiliary circuit-breaker (simplified diagram).
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APPENDIX DD
DUPLICATE CIRCUIT (TRANSFORMER OR SKEATS CIRCUIT)

DDl.

Principle of the method In ihe duplicate test circuit the current is supplied froma current circuit to the series combination of the auxiliary and the test circuit-breaker. The high voltage is applied to the test circuit-breaker via a resistance from a transformer (or auto-transformer) the primary of which is connected to the current circuit across the auxiliary and test circuit-breakers. Figure DDl shows the principal lay-out of the circuit. During the high current interval the arc-voltages of the test and auxiliary circuit-breakers induce a current, iR in the high-voltage circuit which adds to the current through the test circuit-breaker, i2 = i, + iR- The current in the auxiliary breaker will thus reach zero and interrupt before the test circuit-breaker. If the arc-voltages are assumed nearly constant the test circuit-breaker current will go through zero a time At after the interruption of the auxiliary breaker approximately given by:

At =

n @,I + %t) n . 22,

43,

.-

L2

R

where : n 41, UI L
LT

uat

= = = =
=

transformer arc-voltages n*.

ratio in S, and S, respectively (effective inductance in the high-voltage circuit)

voltage of current circuit

L, + LT

leakage inductance

of T

During the interval At, the rate of change of the current through the test circuit-breaker approximately attain the value : di2 dt
n

di21dtwill

_

=-

. ti, ~.

=-

n 22,
PI2 L, + LT

-TLZ

i.e. di,ldt will be lower than the prospective uninfluenced value. This value is reduced by a factor of the same magnitude as the transformer ratio n. By choosing the resistance, R, sufficiently large, the time interval At could be kept small. On the other hand a high value will increase the damping of the TRV. For circuit-breakers with post-arc current the value may be further restricted. Values of R in the range some kilohms are normally used giving At G 10 ps. The test circuit is thus not valid for tests where attention is paid to the thermal failure mode of a circuit-breaker, because: the source-side `impedance does not correspond during the interaction interval; to network (or direct test circuit) conditions

the dildt deviates from the prospective value during a (short) time interval just before currentzero.

The test circuit could be used when testing the dielectric recovery of a circuit-breaker. It could further be used for closing tests and could be extended to work with several full voltage applications.

(IEC page 81j
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IS 13516 : 1993 IEC Pub 427 (1989) DD2. .41+tical arrangement of the circuit A practical circuit arrangement is shown in Figure DD2. It could be used to apply full recovery voltage in three consecutive current-zeros in an opening operation by opening the auxiliary circuitbreakers S,, S2 and S? in turn. The spark gaps G, and Gz are triggered to restore the current if the test circuit-breaker fails to interrupt in the first and second current-zero respectively. It can also apply full voltage stresses at both closing and opening in a CO operation. The test circuit-breaker, S,, closes against full voltage (S, is open) and, when it pre-strikes, one of the spark gaps, e.g. G2, is triggered to make the current circuit (S, is closed). S, is closed before the opening of the test circuit-breaker and used as auxiliary circuit-breaker at the first current-zero. If necessary a second current-zero could be tested by means of Gi and Sz. In the same way the two opening operations tested. in an auto-reclosing operation could be fully
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APPENDIX

EE

INFORMATION TO BE GIVEN AND RESULTS TO BE RECORDED FOR SYNTHETIC TESTS In addition to the requirements as specified in Appendix CC of I EC Publication 56, the following information shall be given in reports on synthetic tests: EE 1. Auxiliary circuit-breaker a) Identification. b) Description, including the number of units per pole, extinguishing medium and grading capacitors, if any. EE2. Test conditions a) Circuit parameters of the voltage circuit. b,J Setting of the intended arcing time of the test circuit-breaker circuit(s). EE3. Quantities to be recorded The resolution of the records with respect to the deflection and the time scale shall be such, that the information to be obtained can be evaluated with sufficient accuracy. EE3.1 Voltages a) Voltage of the current circuit. b) Voltage across the test circuit-breaker. c) Voltage across the auxiliary circuit-breaker. d) Arc-voltage of the test circuit-breaker. EE3.2 Currents a) Current through the test circuit-breaker. b) Current from the voltage circuit.
Nolores 1. For some quantities it may be necessary to have several records with different deflections and/or time ,w&-s. Normally it will be the case for the measurements EE3.M) and EE3.2a).

including application of reignition

2. - Other information and records may be added to bbtain test or design data.
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APPENDIX

FF

SPECIAL PROCEDURES FOR TESTING CIRCUIT-BREAKERS HAVING PARALLEL BREAKING RESISTORS

FFl.

Introduction When using synthetic test methods on circuit-breakers fitted with parallel breaking resistors, each arrangement should be considered on its merits, the guiding principle being that the synthetic test circuit should have a prospective transient recovery voltage as specified in I EC Publication 56 and a recovery voltage as specified in Sub-clause 4.1.3 of this standard should be applied to the circuitbreaker. For those circuit-breakers where parallel resistors are employed to modify the shape of the transient recovery voltage, a synthetic test circuit should be such that the shape of the transient recovery voltage will be, as far as possible, the same as the specified transient recovery voltage as modified by the circuit-breaker resistor. If the ohmic value of the shunt resistor is very low, it may not be possible for the actual peak TRV in a synthetic test to attain this value due to the limited energy available from the voltage source. In this case, a modified test method should be chosen where this relative reduction of the actual peak TRV is kept to a'negligible minimum (less than 5%). However, it may then still not be possible to meet the recovery voltage requirements of Subclause 4.1.3. Valid tests may be made after observing certain precautions, e.g. by one of the following methods :
1

by an adjustment of the parameters of the voltage circuit to provide the necessary additional energy absorbed by the resistor; by switching over to an additional a.c. voltage source capable of maintaining the voltage across the resistor; by disconnecting the test circuit-breaker shunt resistor, and connecting 3 resistor at other appropriate places in the test circuit (e.g. across the voltage circuit inductance) to give an equivalent transient recovery voltage waveform across the terminals of the test circuit-breaker. When using this method, care shall be taken to ensure that the influence of the resistor during the current-zero period is sufficiently close to that which would occur in a test with the resistor connected to the circuit-breaker terminals. and shall be

-

The choice and acceptance of such methods require very careful consideration subject to agreement between testing station, manufacturer and user.

Ifthe applied test method does not subject the resistor to the full thermal stress, or the interrupter of the resistor current to its full breaking stress, then additional tests shall be made (see Sub-clauses FF3.3 and FF3.4).

FF2.

Conditions The requirements which relate to the basic synthetic test circuit, see Sub-clause 4.1, shall be met. Additional requirements during the high-voltage interval which must be met when the circuitbreaker resistance is so low as to preclude the use of a voltage source derived only from capacitors are given below.

(IECPage 89)
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FF2.1

Transient recovery voltage interval The correct transient recovery voltage should appear across the circuit-breaker taking into account the influence of the shunt resistor incorporated in the circuit-breaker and the arc-voltage. There should be no discontinuity in the transient recovery voltage waveform.
Nore. - The transient recovery voltage influenced only by the shunt resistor can be calculated by assuming an ideal circuitbreaker and evaluating the influence of the shunt resistor incorporated in the circuit-breaker on the specified transient recovery voltage.

FF2.2

Power-frequency recovery ioltage interval A power-frequency recovery voltage shall be provided which is the same as the value specified in IEC Publication 56.
Note. - It is acceptable to use a power-frequency recovery voltage of the correct amplitude which has a phase shift ditTerent from that which would be obtained in a network. The direction of this phase shift should be such that the recovery voltage in the synthetic test lags behind that of the network. The result is to ext'end the first loop of the recovery voltage, which is acceptable provided that the phase shift does not exceed about 20".

FF3.

Multiple step test procedure

An alternative approach is to use a set of four separate test procedures to establish that the overall testing of the test circuit-breaker is satisfactory. For this to be achieved it must be possible to disconnect the resistor(s) in the circuit-breaker.
Note. - It is essential that the operation and performance of the resistor interrupter is not affected by the operation of the main interrupter for these separate test procedures to be allowable.

FF3.1

Thermal reignition mode tests on the main interrupter The object of these tests is to establish that reignitions do not occur in the main interrupter during the interaction interval. A synthetic test is made with the resistor mounted in its normal position in the circuit-breaker. This test is subject to the normal requirements during an interval large with respect to the interaction interval. When the current injection method with the voltage circuit in parallel with the test circuit-breaker is used, energy from the voltage source is usually sufficient if the discharge time constant of the voltage source with parallel breaking resistor of the circuit-breaker is at least five times higher than the duration of the interaction interval.

FF3.2

Dielectric reignition mode tests on the main interrupter The resistor is first disconnected in the circuit-breaker. A synthetic test is then made with the correct prospective transient recovery voltage, as modified by the effect of the resistor only. This test covers the dielectric interval not already covered in the thermal reignition test described in FF3.1.
.Yo~e.~ 1. - One easement is allowed. namely that the substituting resistor,in the external circuit can be switched into the
circuit just prior to the beginning of the interaction interval if so desired. This may change the conditions determining the thermal reignition criteria but these have already been met in the test of Sub-clause FF3.1. ,7. - Problems can arise when carrying out the dielectric test of Sub-clause FF3.2 on a number of series interrupters. The disconnection of the shunt resistors means that there is no longer any voltage grading apart from that provided by capacitance. This in itself may not provide a sufliciently uniform distribution and there is a danger of overstressing one interrupter. One way of overcoming this problem on open-type circuit-breakers is to attach an external string of higher value resistors to achieve near uniform grading. The effect of these shall of course be taken into account in providing the correct transient recovery voltage waveform.
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FF3.3

Test: CAY resistor Power frequency tests are required to demonstrate that the resistor can meet the thermal and voltage conditions imposed by the duty cycle of the circuit-breaker.

FF3.4

Tests on resistor interrupter(s) Tests shall be made to demonstrate formance. that the resistor interrupter(s) has (have) the required per-

FF4.

Additional

remarks

It should be noted that with a circuit using power-frequency recovery voltage the timing of the make switch in the voltage circuit is critical and that correct operation of the testing procedure depends on this timing being maintained within close tolerances. Failure to observe this precaution can result in significant errors in the prospective transient recovery voltage waveform. If the alternative multiple step procedure is adopted it should be noted that problems can arise during the dielectric reignition mode tests of Sub-clause FF3.2. The use of a substitute resistor external to the circuit-breaker can introduce parasitic inductance and capacitance into the circuit containing the main interrupter. This could lead to a thermal mode failure during the dielectric mode test. Such failures would not constitute a reason for rejection of the circuit-breaker but would require further dielectric mode tests following circuit modification.
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published in E:/~~`./r'l~ No. S'.

APPENDIX
SYNTHETIC

GG
SWITCHING

METHODS FOR CAPACITIVE-CURRENT

GG 1. Introduction Synthetic making and breaking capacitive current tests are generally made single phase. As the stress of the breaker during capacitive current making operations is small-with exception of back-to-back capacitor bank switching-they may be performed separately. the

The phenomena of reigniting and restriking cause interactions between the source and the capacitive load which are, at present, difficult to simulate reliably by synthetic testing circuits. Therefore, the synthetic method may only validate a restrike-free operation. After a reignition or restrike the circuit conditions would not be meaningful and direct testing would be required. The phenomenon of pre-striking allows for the possibility of interrup&n of high frequency current during the closing operation. Such an interruption will be followed by reignition and would indicate that the circuit-breaker may require direct testing. When switching long unloaded lines, travelling wave phenomena may arise, the simulation of which by synthetic circuits is possible using the, envelope. However, a closer simulation is possible by introducing additional circuits which are under consideration. Circuit-breakers equipped with opening resistors may be tested in two part synthetic test circuits, where the circuit parameters are adjusted to give recovery voltages equivalent to the stress of a direct test circuit.

GG2.

Requirements concerning synthetic break-tests In order to take into account the phenomena relating to interrupting following items shall comply with the existing specifications: 1) the shape and amplitude of the power-frequency interruption; 2) the shape and amplitude of the power-frequency 3) the voltage on the load side after interruption; 4) the magnitude, frequency and damping of the transient voltage during the voltage jump, when testing under conditions simulating a high source impedance;' 5) the electrical field configuration across the gap and to earth capacitive currents, the

test current, particularly in the final loop before supply voltage;

GG3.

Requirements concerning synthetic make-tests In order to take into account the phenomena relating to making capacitive currents, the following items shall comply with the existing specifications: 1) the amplitude and the shape of the applied voltage on the source side; 2) the value of the trapped charge on the load side (under usual conditions this value is zero). When closing against a trapped charge the initial conditions of the load side have to be taken into account, and a proper modification of the synthetic make circuit may be necessary;
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IS 13516 : 1993 IEC Pub 427 ( 1989) GG4. Current chopping Current chopping phenomena, caused by interaction between the circuit-breaker and the test circuit, generally lead to a reduction of the load-side voltage and thus also of the dielectric stress of the test object. In direct test circuits, chopping of small capacitive test currents may take place. In synthetic testing circuits the probability for these events is increased for the following reasons: generally speaking the characteristic parameters of the main and stray components of the test circuits are different. Therefore the chopping behaviour of the circuit-breaker may be changed; the effect of additional (auxiliary) circuit-breakers in series with the test circuit-breaker; voltage.

-

the increased ratio of arc-voltage to power-frequency

Therefore, when performing synthetic tests it may be difficult to determine whether or not current chopping is a significant feature of the test circuit-breaker. To reduce current chopping, the following means are applicable: modify the capacitances seen from the circuit-breaker use a special auxiliary circuit-breaker terminals; and low arc-voltage. with short minimum arc-duration

GG5. GG5.1

Synthetic test circuits Basic circuitsfor breakigg tests

Synthetic testing circuits principally consist of two combined circuits, a current circuit and a voltage circuit. For capacitive current switching, both circuits may have a capacitive nature, although an inductive or ohmic current circuit in some cases can be used as an alternative provided that the phase angle between the two sources is changed accordingly. These two sources can be generator fed transformers or charged capacitors, or a combination of both. The application of synthetic circuits implies the use of an auxiliary breaker to isolate the test circuit-breaker from the current circuit. `The connection of the two sources to the two breakers can be in a parallel mode, subtracting the voltages on the auxiliary breaker, or in series mode, adding the voltages on the test circuitbreaker. Depending on whether the voltage circuit is connected permanently or switched in. at a moment before or after power-frequency current-zero, a distinction can be made between power-frequency current superposition, current injection or voltage injection circuits. For tests under conditions of high source impedance a transient "jump" voltage can be generated by the current or the voltage circuit, preferably at the terminal of the breaker where the a.c. voltage is applied. The other terminal of the breaker has to be stressed by a slowly decaying d.c. voltage. In some test circuits both voltages are superimposed at one terminal of the breaker, the other terminal being earthed. This condition is more severe for the insulation to earth. For metalenclosed circuit-breakers an additional voltage source may be connected to the tank to compensate for this effect. Many test circuits are possible with different features. Some examples are given in Figures GG 1 to GG5. (See Electra No. 87 - March 1983.)

W page 97)

56

IS 13516 : 1993 IEC Pub 427 ( 1989 ) GG5.2

Basic synthetic test circuits for the making test For a synthetic capacitive making test, the voltage circuit supplies the test voltage during the closing of the contacts till the moment of dielectric breakdown, and subsequently the initial transient making current. For this purpose some special elements may be necessary. Immediately after the dielectric-breakdown, the.current circuit has to be inserted to supply the transient making current, followed by the power-frequency current. For this purpose a gap is triggered early enough to sustain the pre-arcing current. To deliver both- the required transient making current and the power-frequency current, a capacitive current source is suitable, while an inductive current source is not, because it does not give the correct current shape. An example is given in Figure GG6. (See Elecrra No. 87 - March 1983.)
h'ote. The formutae given with Figures GGI to GG6 arc no1 cucr and are mrrcl! meant to gi\c the npproximak!

behaviour

of the circuits.

APPLICABLE

FOR FIGURES GG-1 TO GG-6:

a) general layout of the circuit b) mathematical relations between circuit parameters c) qualitative current and voltage shapes = the ratio between the specified test voltage U, and the actual voltage of the current n circuit Cf, = the ratio between the specified test current IL and the current supplied by rhe voltage m circuit = voltage across test circuit-breaker S, ut = voltage to earth at point A, B... respectively uA, uB = charging voltage of voltage circuit uh = load capacitance Cl_
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Current circuit

Voltage circuit

Voltager; = -' L!ln Current I, = IL (I - l/m)
lnductancc c~(t, + L,) =

FIG. GG2.-

Synthetic testing scheme with an inductive current circuit and with facility to adjust a voltage jump.

In order to obtain a voltage jump the elements R,, L, and C, have to be inserted between .the test circuit-breaker and earth.

Breaking operation
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ch

b)
Voltage Current Inductance

Current circuit u, Ic = us/n = IL

Voltage circuit lJ, = us I, = 0 LPT = I/w'.

dT c,

oL, = llnoCh

4

ut

Breaking operation

156189

FIG.

=3.-

Synthetic voltage injection circuit providing a voltage jump.
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a

b)

Current circuit `Voltage L, = L'Jtl Current I, = F$fK, Inductance wLc << liC*Jc, Capacitance C, = flC~ i, = load current Voltage circuit Voltage .L; = r; -I- L`\' Current I, = C;tuC, Inductance COL, << I~JC, Capacitance C, = CP,~)?

Vo@ge jump Breaking oper&ion FIG.
158/89

cici5. -

Synthetic test circuit (serial mode) to apply to both sides of the test breaker the normal system recovery voltage.

(IEC page 104)
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APPENDIX
SYNTHETIC

HH
TESTING

METHODS FOR THREE-PHASE

HH 1. General When all three poles of a circuit-breaker are in the same enclosure, some interactions may occur between phases due to distribution of transient electric stresses or electrodynamical forces on arcs of adjacent phases, and even to physical interactions of extinguishing media (i.e. hotgases). In such cases, three-phase testing has obviously to be performed. In testing plants it may be difficult to obtain the required three-phase short-circuit circuits for the higher rated voltages. power and

Various testing circuits are proposed for testing high-voltage three-phase circuit-breakers. Most of them do not correctly stress the circuit-breaker. Circuits must therefore be agreed upon between user and manufacturer. Nevertheless, some conditions are listed below2

HH2.

Validity conditions The test has to take into account the stresses in the interrupting elements, the ones between poles and the ones between poles and the enclosure, taking advantage of two or multiple part testing procedure. The following conditions shall be met:

1) Full three-phase current shall be supplied to the three-pole circuit-breaker under test. i> A synthetic circuit capable of producing equivalent stresses with respect to all the periods of the
interrupting process shall be applied to the first pole to clear. during 3) The TRV for the last clearing poles shall be in correct phase relation; the requirements the interaction interval for the last poles to clear may be relaxed.

It is emphasised that no requirements are given in I EC Publication 56 concerning the 1`RV waveshapes for the last poles to clear. It is proposed, provisionally, in case of necessity, to c0nsicIp.r the same waveshape as for the first pole to clear but the amplitude being multiplied by a/2/2, where h is the first pole factor. 4) The recovery voltage should preferably be a.c. with proper duration, and applied across at least two adjacent poles. 5) If necessary, a multiple part testing procedure is allowed. The test may be repeated with some changed conditions to simulate the different stresses. Agreement between user and manufacturer is necessary and the procedure shall be fully described in the test report. 6) The enclosure 7) Other general especially the the influence shall be earthed at one point only. requirements of IEC Publication 56 or those concerning synthetic testing apply, arc-duration conditions (with possible forced reignition), and the consideration of of mechanical forces in the three poles due to operating mechanism.
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APPENDIX JJ
REIGNITION METHODS TO PROLONG ARCING

JJ 1. Method with multiple application of the voltage source With this method, the voltage source is connected to the test circuit-breaker at each current-zero. If the test circuit-breaker clears at a zero, the procedure is stopped. If the test circuit-breaker reignites, then the current source is reconnected by reigniting the auxiliary breaker. At the same time, the voltage source will be disconnected and then reconnected at the next current-zero, with its polarity reversed appropriately. If the single voltage source has insufficient energy for successive application at several currentzeros, it will be necessary to have several voltage sources: one for each reignition plus one to apply the TRV at the final current-zero. This method involves practically the same procedure as for direct testing, taking into account the relationship between breaking at the first zero and breaking at a following zero. 552.
"Step-by-step" method

With this method, only one voltage source is used. The test circuit-breaker is reignited by a special reignition circuit, or other means, in order to prolong arcing up to the current-zero at which the voltage source is to be applied. This "step-by-step" method needs less additional installations compared to the above mentioned method. However, more tests may be necessary to comply with the specified arcing times. The method is considered to be a sufficiently close approximation of the direct testing procedure. As this method makes it possible to force reignition of the test circuitbreaker in all conditions, special care shall be taken not to reignite the circuit-breaker at the instant of a current-zero when the circuit-breaker can clear. For this purpose it is necessary to determine beforehand, the minimum arcing-time of the circuit-breaker. Two breaking tests with arcing times, just below and just above (i.e. k 1 ms) the minimum arcing time are satisfactory for this deterinination. 1) Method with higher power-frequency circuit severity In some cases, the arcing of the test circuit-breaker may be prolonged by delaying the opening of the auxiliary circuit-breaker or by increasing the rate-of-rise of the transient recovery voltage in the power-frequency current circuit. Whether this is effective or not depends upon the characteristics of the power-frequency current circuit and of the circuit-breaker under test. 2) Method with a separate reignition-circuit A separate reignition-circuit provides a rapidly rising pulse of current of opposite polarity to that of the power-frequency current, approximately 10 ps before current-zero. The current through the circuit-breaker is thus rapidly reversed and conduction in the arc-gap is maintained for a further loop of power-frequency current. As an example, a multi-loop reignition circuit is indicated in Figure JJl. Several such circuits may be used for prolonging the arcing through several loops of current. The reignition circuit can be applied to reignite both test and auxiliary circuit-breaker. However, the need to reignite both circuit-breakers can sometimes be avoided by suitably delaying the separation of the auxiliary circuit-breaker contacts.
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A circuit arrangement is shown in Figure 552 and the corresponding asy6imetrical test in Figure 553.

current and voltage for an

At the first current-zero the test circuit-breaker is stressed by the Skeats circuit thus achieving a late dielectric reignition; in such a way the short-circuit cutrent waveform is equivalent to that of a direct test. At the second current-zero the current injection circuit is applied to the test circuitbreaker. First current zero: S, is opened and acts as auxiliary breaker G2 is triggered when a reignition occurs S2 remains closed S3 remains closed Sq remains open During the high current interval: S3 is opened S4 is closed Second current-zero : S1 remains open S2 is opened and acts as auxiliary breaker Gl is triggered.
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Current circuit

Sl
53 R,

=

test.circuit-breaker

C,
Gr

= =

capacitor for relgmtion circuit spark gap for closing reignition circuit

= auxiliary circuit-breaker ,= resistor for reignition circuit

FIG. JJl.-

Typical reignition circuit diagram for prolonging arc-duration.

nti

+S,

$

`h

uh

l---II
I

G

I

I, I -IMl/u9

voltage of current circuit Inductance of current circuit auxiliary-. circuit-breakers test circuit-breaker inductance of voltage circuit capacitance of voltage circuit which together with Lh controls the major pati_of the TRV charging voltage of voltage circuit spark gaps

=

s, szs3 s4 St
Lh

=
=

Ch

=

uh

= =

G, Gz

FIG.

JJ2.-

Combined Skeats and current injection circuits.
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